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Plutonium is an anthropogenic, i.e. man-made element.

At the end of 1940 Pu-238 was first time synthesized:

U-238 (d,2n) Np-238 25 pu-238
In nuclear reactor (~1% Pu in spent fuel):

U-238 + n — U-23928Pu-239 + n — Pu-240 II

+ n — Pu-241 + n - Pu-242

U-235 + 2n %5 U-237 & Np-237 + n %

> Np-238 - Pu-238
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Main guestions to be answered: Answers:

1. Intended use of the material - Isotopics
(nuclear weapons, fuel, scrap,...) - Pu-content
- age
2. Origin - iImpurities
(place of production, process, place of - Mmicrostructure

diversion, last legal owner,...) -



B JRC

EUROPEAN COMMISSION

NUCLEONICA course, Karlsruhe, Germany, 23.04.2009

Cm240
27d
96 —
a5
Pu236 Fu238
2868y BT TEy
94 —
180 m=
Mp237
21E6y
93 —
U234 U235 U236
25E5y 7.0E8Y 24E7y
92 —
26 m
'y 142 143 144

Plutonium decay

AE4 y

145

Cm242
1.6EZd

Am241
43E2y

Fuz40
B.EE3y

1238
4 5E0y

Cm243
30,02y

14 ms

1.4E2 v

Cm244
18.01y

3 ms

Am243
74E3y

Puz4a?
3TESy

Cm243
B8.5E3y




Tronvranum

B JRC Age determination il

EUROPEAN COMMISSION

NUCLEONICA course, Karlsruhe, Germany, 23.04.2009

Age = the time elapsed since the last chemical processing
(e.g. production, reprocessing, purification)
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* Incomplete Pu/U/Am separation when reprocessing
= U and Am remainings

= Inconsistent results

Sample 241p 24 AM” 238p /234 239p /235 240py/236
RR 6.1 2.35+0.10 2.66 + 0.26 2.29 +0.05
F19 20.6 1.18 £ 0.07 51.9+3.8 19.9+0.3

Age by SIMS in February 2000. * By gamma spectrometry.

« MOX

= U Interference
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Weapons grade:
- Pu-240 <7 %
- 240/239 < 0.07

Reactor grade:
- Pu-239 = 45-60% —
- Pu-240 = 20-35 % =
- 240/239 = 0.3-0.8 :

www.3rd1000.com

The isotopic composition of the reactor produced plutonium
IS depending on the initial U-235 enrichment, neutron
spectrum (soft >< hard), flux and irradiation time.
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Difference between light-water and graphite-moderated reactors.
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Case studies
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56 g of powder containing Pu

| sotope/ w-%
element

“py 0.067
“py 99.751
“Opy 0.181
Mercury 61l
Antimony 11
Oxygen 6
Plutonium 10
Gallium 0.15 (4.6 a-%)
|odine 1.6

T a0 T : i .
10 11 12 13994 15w1B » 17.

TN 1 pilobnnb g Do iy ||;|r il HQZSbZO =" Red mer Cury” l
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“Red mercury”:

» Anti-Radar-Shielding for
aircraft’s

o self-guided warheads

e nuclear bombs smaller
and more efficient

e density 23 g/ccm

@
o
o

Plutonium:

e weapons-grade Pu

e Gais used to
stabilise the &- phase
of Pu

Temperature (°C)

0 10 20
Gallium (at%)

Compound with these
characteristics has never
been found !!

Example of the
proliferation of
classified knowledge !
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Mixed plutonium and uranium oxides:

363 gPu-121gU

Pu 238 239 240 241 242
w-% 017 8758 10.7/8 081 0.66

U 234 235 236 238
w-% 0.020 1.60 0.048 98.35

201 g of Li-metal enriched to 89.4 %
In SLi.
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Bulk Partidel Partide?2
PPy 0.1226 0.1159 0.1245
Agefromthe®Pu/”U"  (206) 215 19.9

“Age by SIMS in February 2000. ** By gamma spectrometry from the Am-241 build-up.
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Microstructural fingerprint

SEM

TEM

1 3 5 7 9 11 13 15 17
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Plutonium Lithium-6

close to weapons-grade energetic tritons via

not from commercial °Li(n,a)°T o
reprocessing or from e fritium can initiate DT

. . thermonuclear weapon
mixture of residues of

different types of spent
fuels

May not be a coincidence to find such materials
. together !!



B JRC Find 24 - Karlsruhe 1

EUROPEAN COMMISSION g

NUCLEONICA course, Karlsruhe, Germany, 23.04.2009

WAK — Reprocessing plant (decommissioned)

Contamination of an employee was detected
In a routine urine control.
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“Players”:

Mr. M. — The thief

A
(/2
f.

s, T

Lo H'i-f
i .-".If:::\-“\

Mrs. E. - Girl friend of Mr. M. Ms. A. E. - Daughter of Ms. E.


http://images.google.de/imgres?imgurl=http://farm3.static.flickr.com/2032/1892074915_f7a2c2ec4b.jpg&imgrefurl=http://flickr.com/photos/pablo_perez/1892074915/&usg=__od0rvvlzupmmrwpyunk2srxbah8=&h=500&w=400&sz=43&hl=de&start=7&tbnid=jssin65ngwec_m:&tbnh=130&tbnw=104&prev=/images%3fq%3dwoman%2bface%26imgtype%3dclipart%26as_st%3dy%26gbv%3d2%26hl%3dde
http://images.google.de/imgres?imgurl=http://giantflea.files.wordpress.com/2009/03/wom_caricature.jpg&imgrefurl=http://giantflea.com/2009/03/22/ink-sketch-of-woman/&usg=__fzjj0k-54x5el6aqykospydmbzc=&h=528&w=400&sz=40&hl=de&start=51&tbnid=btv1ia3ga1t_im:&tbnh=132&tbnw=100&prev=/images%3fq%3dwoman%2bface%26imgtype%3dlineart%26as_st%3dy%26gbv%3d2%26ndsp%3d20%26hl%3dde%26sa%3dn%26start%3d40
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Stolen items:

Plastic tube

Total of a few milligrams of

radioactive material including Pu, U,
241\ 134+137Cg 154E and 125Sb.
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Estimated (ICRP Model) activity uptake (in kBq):

Person | Way of uptake Cs-137 Am-241 Pu-241
Mr. M. Inhalation 4 16
Ingestion -
Mrs. E. Inhalation 28 1110
Ingestion 118 3450 13800
Ms. A.E. Inhalation 04
Ingestion 3 69
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Can the contaminations and incorporations be
explained by the two sources, vial + cloth ?

* Analyse samples from different locations

— three apartments
(thief, girl friend, daughter’s boyfriend)

— facility
« Compare
— samples

— external information (which fuel
reprocessed, WAK, ...)
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Find 24 - Karlsruhe

Isotopic compositions:

[ Plastic vial

l Swipe cloth-1
[1 Swipe cloth-2
[ Red gloves
[ Blue gloves

H Vac.clean. WAK
M Vac.clear thief
[0 Vac.clear wife

B Vac.“daughter?) o

70,
60
504
40
304

Plutonium

100, ;
| Uranium
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Ly — HWR

Vial and cloths
— 36 % MTR
PWR 3.5% T .
— Magnox

0,1 |

— FBR
0,01 | —— 1.8 % RBMK
— 90 % MTR

— PWR3.5%

0,001 |

Pu-242 / Pu-240

® Samples

0,0001 - . SN
0,00001 0,0001 0,001 0,01 0,1

Pu-238 / Pu-total

— Pu composition matched with the reprocessed LWR fuel

— The age of the Pu was 12-14 years, which was the time of
the last reprocessing campaign
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« Vacuum cleaner bag from “the daughter” showed significantly

different Pu isotopic composition
= Pu-240/Pu-239 = 0.38 rather than 0.47

= mixture of reactor Pu (~ 90%) and fallout Pu (~10%)

* The plastic vial can be excluded as source of incorporation of

the wife (33’Cs content too low)

Swipe cloth:

Varying elemental ratios can be explained by
different solubilities (Cs-137 dissolves well in
water, Pu and Am not)

« Decontamination of two apartments ~ 2 M€

00 o
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Exercises
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1. Which parent/daughter and parent/grand-daughter ratios
can be used to determine the age of a 10 mg Pu-sample
with the following composition (wt-%):

Pu-238: 2 %
Pu-239: 57 %
Pu-240: 25 %
Pu-241: 10 %
Pu-242: 6 %

Remarks: Method of the choice is ICP-MS without
chemical separation with detection range of 108 (i.e. the
parent/daughter ratio cannot be larger than 108).
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2. In which of the following reactors was the Pu from previous
example most likely produced ?

- BWR, 3.3 % U-235, 40 Burn-up, 8 years decay
- PWR, 3.3 % U-235, 40 Burn-up, 8 years decay
- BWR, 1.9 % U-235, 22 Burn-up, 8 years decay

Remember: Pu-240/Pu-239 = 0.44
Pu-241/Pu-239 = 0.18
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